R ecent modifications to the US healthcare system have resulted in rapid and dramatic changes in neurosurgical patient referral patterns and provider reimbursement. These changes include the Affordable Care Act (ACA) of 2010, the Medicare Access and CHIP Reauthorization Act of 2015, valuebased payment systems, and new healthcare marketplaces, among many others. 1 Increasingly, socioeconomic and medicolegal forces are playing a larger role in the practice of clinical medicine, including neurosurgery.
Although neurosurgical residents and fellows will be affected by these socioeconomic forces in their future practice, the preparation and exposure they receive during training can vary greatly. [2] [3] [4] In 1998, a survey of neurosurgical chief residents and program directors by Jimenez et al 5 highlighted the lack of training on socioeconomic issues during residency despite adequacy in other surgical domains. Furthermore, a survey of board-certified neurosurgeons in 2008 by Mazzola et al 6 also demonstrated limited exposure to socioeconomic training during residency, despite its significant impact in everyday practice.
The Senior Neurosurgical Society (SNS) boot camps and Accreditation Council for Graduate Medical Education (ACGME) residency Milestones were implemented in 2010 and 2014, respectively, to standardize residency training by improving preparation for clinical practice, inclusive of components focusing on the economics of medicine. 3, [7] [8] [9] Recent changes to surgical curricula have been ABBREVIATIONS: ACGME, Accreditation Council for Graduate Medical Education; AANS, American Association of Neurological Surgeon; CSNS, Council of State Neurosurgical Societies; PGY, postgraduate year; SNS, Senior Neurosurgical Society Supplemental digital content is available for this article at www.neurosurgery-online.com.
suggested to improve resident understanding of health care systems and practice management, yet neurosurgical residents' perceptions of their socioeconomic training have not been systematically assessed in over two decades. 10, 11 The purpose of this study was to evaluate exposure to socioeconomic concepts in neurosurgical training and to evaluate their potential role in guiding career decisions.
METHODS
A 16-question online survey (Table 1) was created by members of the Council of State Neurosurgical Societies' (CSNS) Young Neurosurgeons Representative Section. Institutional Review Board approval was not required for this survey. The domains of interest included trainee demographics, overall training exposure, impressions of socioeconomic training during residency or fellowship, and planned career path. The survey aimed to address several key areas, including assessment of formal socioeconomic training during residency or fellowship, perceived weaknesses in formal, program training, and factors influencing future career choices.
The survey was distributed online via an e-mail link to all active neurosurgical trainees (n = 1506) in the United States and Canada catalogued within the American Association of Neurological Surgeon (AANS) database. The survey was administered in two waves, first from January 2014 through April 2014, and again between December 2014 and February 2015. A reminder request was sent via e-mail 2 wk after each primary request. Results were maintained and are reported in an anonymous manner.
Descriptive statistics were reported as proportions. Geographic plotting of responders' location was performed in a blinded fashion using analytic software inherent to the SurveyMonkey web interface. Bivariate analyses included Chi-square testing of categorical values. P-values < .05 were considered to be statistically significant. Data were collected using Microsoft Excel 2010 (Microsoft Corporation, Redmond, Washington) and analyzed using SPSS V22.0 (IBM, Armonk, New York). The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) was utilized in the drafting of this paper. 
RESULTS

Demographics and Career Choices of Neurosurgical Trainees
A total of 235 survey responses were obtained, resulting in a 15.6% overall response rate. Respondents represented a geographically diverse group ( Figure, Supplemental Digital Content) . Trainee demographics are presented in Table 2 .
Although the greatest proportion of respondents was in their 7th postgraduate year (PGY) of training (16.2%), a representative mix of other PGY levels was obtained, with the lowest response rate (7.7%) among those in their 3rd PGY of training (Table 2) . Overall, the greatest proportion of trainees planned future academic careers (27.7%), followed by "privademic" (private practice with an academic affiliation, 26.4%) and sole private practice (17.9%). A total of 17.4% of trainees were undecided, a majority of whom (51.1%) were between PGY4 and PGY7 levels. There was no specific pattern between desired career interests and PGY level (P = .41). PGY7 residents and fellows were more likely than their junior counterparts to declare a practice interest (P = .03).
Overall factors associated with practice environment choice (eg, academic, privademic, private practice) were assessed ( Figure 1 ). The most common factors significantly influencing practice choice were the opportunities available at the time of residency completion (49.1%), ability to focus on a subspecialty practice (46.2%), and opportunities for career advancement (43.8%). Less influential factors included lifestyle (37.1%), the current/future socioeconomic climate (31.0%), research opportunities (30.0%), and salary/financial incentives (28.6%). In comparing PGY7 residents and fellows with junior counterparts, no significant difference among the following factors were found to significantly influence practice choice: opportunities available at the time of completion of residency, ability to focus on subspecialty, career advancement, lifestyle, current/future socioeconomic climate, research opportunities, and salary/ financial incentives.
A comparison of factors associated with practice choice demonstrated that career advancement (P = .001), ability to focus on a subspecialty (P = .0001), and research opportunities (P = .0001) were the factors most likely to lead trainees toward an academic practice. Lifestyle was the most significant factor for guiding trainees to private practice over other types (P = .05). The opportunities at time of completion of training and the current/future socioeconomic climate did not significantly affect career choice.
Socioeconomic Training During Neurosurgical Training
The vast majority of trainees reported their exposure to ACGME Milestones as at least "appropriate" with regards to all 6 currently defined categories ( Figure 2 ). The second most common response was "slightly excessive," with this pattern seen in all 6 categories. However, 91.1% of respondents stated their programs did not incorporate a formal socioeconomic curriculum during training (Table 3) . Trainee exposure to socioeconomic issues primarily came from informal discussions with faculty (76.6%). Other exposure came via participation in CSNS activities (13.2%) and courses outside of residency (12.3%).
Among the socioeconomic training topics that trainees viewed as "inadequately" or "somewhat inadequately" addressed were negotiating an employment contract (87.7%), evaluating a practice opportunity (83.4%), practice management (86.4%), the business/economics of neurosurgery (81.3%), medical coding (76.6%), understanding "pay for performance" (78.7%), and practicing cost-effective medicine (63.4%; Figure 3A ). Nevertheless, among trainees who felt inadequately or slightly inadequately trained in specific topics, no single topic of exposure significantly affected future practice preferences. The topics that most trainees are specifically seeking additional exposure to include medical coding and billing (75.6%), the economics of health care (69.4%), practice issues (66.4%), malpractice and liability (66.5%), entrepreneurship (59.0%), and socioeconomic skills (47.6%; Figure 3B ). Trainees who desired additional exposure in medical coding and billing (P = .04) or practice issues (P = .007) were more likely to pursue private practice, but no other areas of desired exposure significantly affected desired practice preferences.
The majority of trainees cited as appropriate their exposure during their training to issues involving cultural diversity (46.4%), communicating with patients (53.2%), the Health Insurance Portability and Accountability Act (HIPAA; 41.3%), ethical issues (50.6%), and patient safety/quality assurance (44.3%). Through free-text functionality within the survey, two residents cited the CSNS Resident Socioeconomic Fellowship as a beneficial, formalized program to improve their understanding of the socioeconomic aspects of neurosurgical practice.
Overall Neurosurgical Training and Factors Influencing Subspecialization
To gauge the relative importance of socioeconomic training, the effect of overall neurosurgical training was also assessed. Most trainees stated they were "adequately prepared" (19.6%), "well trained" (30.6%), or "able to handle any type of case" (11.1%; Table 3 ). In other words, 61.3% of trainees stated they were adequately prepared clinically to enter neurosurgical practice and 24.3% felt unprepared.
A total of 60.0% of trainees stated an intention to pursue subspecialty training, 16.2% did not plan to pursue a subspecialty fellowship, and 23.8% were either undecided or did not respond. Factors that significantly influenced the pursuit of subspecialty training included personal interests in a particular field (80.9%) and the perception that subspecialty training is necessary to advance career prospects (55.3%; Figure 4 ). In contrast, decreased training secondary to the 80-h work week restrictions (78.0%) and weaknesses in residency training (72.1%) did not influence the desire for subspecialty training.
Trainees that intend to pursue subspecialization were compared with those who did not intend to pursue subspecialization 
FIGURE 4. Factors influencing subspecialty training. The most influential factors for pursuing subspecialty training included interest to further experience in a field and the perception that subspecialty training was necessary for a specific job. Decreased training resulting from 80-hour work week restrictions and residency program weaknesses did not drive an interest in subspecialty training for most trainees.
( Table 4) . Trainees who felt "not adequately prepared" or only "somewhat prepared" to enter practice did not differ significantly from those who felt "adequately prepared," "well trained," or "able to handle any case" in terms of pursuing fellowship. The perception of weaknesses during residency did not significantly affect the decision to pursue subspecialization. For trainees pursuing subspecialty training, a higher number planned on academic practices (38.3% vs 7.9%) compared with trainees not pursuing fellowship (P = .0001). Among all factors with a significant influence on practice choice, trainees pursuing subspecialization were more likely than their non-specializing counterparts to list the ability to focus on subspecialty (56.0% vs 13.3%, P = .0001) and research opportunities (38.3% vs 5.3%, P = .0001) as guiding reasons for their choice. Exposure to factors that trainees listed as "inadequate" or "slightly inadequate" during training, inclusive of socioeconomic topics, did not alter pursuit of subspecialty training. 
DISCUSSION
This survey evaluated the current state of socioeconomic training in US and Canadian neurosurgical programs compared with other aspects of training. A broad cohort of trainees across PGY levels and career directions were evaluated. Overall, 91.1% of trainees lacked a formal socioeconomic training curriculum during residency and 76.6% of trainees gained such training via informal discussions with faculty. Additional exposure to the following topics was desired by the majority of trainees: negotiation of employment contracts, practice management, evaluating practice opportunities, medical coding/billing, malpractice/liability, and entrepreneurship. Subspecialty training was a goal of 60.0% of trainees, driven by an ability to focus on subspecialization and research opportunities, compared to those not seeking specialty training. Although perceived shortcomings in residency were common (59.1%), they did not influence the desire for subspecialization. In fact, most trainees (61.3%) felt at least adequately prepared to enter neurosurgical practice. These survey results support the efficacy of current neurosurgical operative training methods but highlight a number of challenges with regard to socioeconomic exposure especially in the era with even fewer training hours devoted to surgical education.
As the current healthcare climate evolves, it will be important for trainees to be well versed on the economic side of neurosurgery in order to make better career choices, improve cost-effective care, and advocate for patients. Cost has increasingly become an important part of clinical decision-making for providers because it affects patients' choices in selecting medical procedures. In addition, medical billing and regulation has continued to become more complex. Trainees or attending surgeons that do not become well versed in socioeconomic topics are at risk of being less able to navigate the healthcare environment.
Socioeconomic Training in Neurosurgical Training
The results of this study reflect a number of previous findings from surveys of neurosurgical trainees and graduates regarding socioeconomic training in residency. Jimenez et al 5 completed a survey of 135 chief residents (62% response rate) and 44 program directors (45% response rate) assessing formalized socioeconomic training programs. Only 5% of residents responded that such a formal curriculum existed within their training or that they were adequately prepared to deal with insurance carriers. A total of 13% responded that they were adequately prepared to handle a legal suit. In addition, 90% responded that a specified block of focused time (eg, 1 wk) would be helpful to familiarize residents with pertinent medicolegal and socioeconomic issues. On the other hand, 44% of program directors felt that socioeconomic issues were being formally addressed and only 38% favored a specific block of time to train residents on these topics. Although it was completed more than 20 yr ago, this survey reflects many of the findings demonstrated in our study, namely the challenges of adequate exposure to socioeconomic issues during neurosurgical training given limited workweeks atop dramatic changes in the healthcare marketplace. Relative to the 5% rate reported by Jimenez et al 5 in 1998, our study showed only a slight increase of up to 8.9% of programs offering formalized socioeconomic training during neurosurgical training. The results of our survey are strikingly similar to survey results from 30 yr ago despite the remarkable change in the socioeconomic landscape in neurosurgery and medicine in general. It is likely that such training has received little attention even though trainees have been welcoming of such teaching.
The results of our study also echo many of the findings of a study from 2010 highlighting the adequacy of operative neurosurgical training and ongoing gaps in socioeconomic exposure. Mazzola et al 6 performed a survey of 223 board-eligible/boardcertified neurosurgeons (30% response rate) assessing general neurosurgery training, the pursuit of fellowships, and exposure to socioeconomic issues. Overall, 80% cited adequate general neurosurgical training. Among those pursuing fellowship, the majority (60%) sought out this additional training primarily for career advancement. Socioeconomic training was limited for the majority of neurosurgeons despite 78% citing adequate training in ACGME core competencies. Socioeconomic/medicolegal topics judged to be inadequately addressed during residency included business/economics of neurosurgery, "pay for performance," practicing cost-effective medicine, medical coding, evaluating practice opportunities, negotiating an employment contract, and practice management.
Residency Curriculum Implications
The results of this survey support the need for improved socioeconomic training for neurosurgical trainees; however, the solution to this problem is likely not straightforward. Currently, various strategies to improve trainee exposure include resident bootcamps, 8,9 ACGME milestones, 7 departmental lecture series, 11 online socioeconomic lectures available through the AANS and Congress of Neurological Surgeons (CNS), the recently implemented SNS/AANS Transition to Practice course, and the expansion of socioeconomic research forums within neurosurgical meetings, such as those supported by the CSNS Young Neurosurgeons Representative Section, in addition to informal, focused discussions on these topics between trainees and attending mentors. 12 Through the use of online socioeconomic lectures and devoted lectures at national meetings, trainees have greater access to practical socioeconomic knowledge than previously. Nevertheless, further improvements to individual training programs will involve recognition of the importance of these topics to neurosurgeons and the development of formalized curricula. 2, 4 Publication of best practices and collaboration among training programs on the development of curricula hold significant promise. 3 One program at Columbia University utilized a monthly series of 1-h interactive modules designed to address the ACGME outcomes-based educational milestones. 11 An overall attendance rate of 91% was achieved, and residents completed a 20-question quiz that demonstrated their improved knowledge at the end of the program from 58% to 66% after 12 mo. This study supported that residents were receptive to such training. In addition, online modules, reading lists, or lectures were proof-of-principle that these methods could be utilized for teaching residents with busy and erratic work schedules. Nonetheless, limited time for clinical training likely makes socioeconomic exposure an afterthought. These results suggest that socioeconomic training could be integrated with a residency curriculum via a variety of methods, which may vary depending on program needs.
Study Limitations
This survey aimed to develop a comprehensive view of socioeconomic exposure during neurosurgical training. Although the survey aimed to evaluate a broad selection of programs and various PGY levels, the results could have been biased by those trainees choosing to respond relative to those who chose not to participate. Although the response rate to the survey was limited (15.6%), the respondents mapped to a wide selection of programs nationally, thus likely representing a broad cohort of trainees. This is supported by how our results are in line with previous findings evaluating resident training regarding socioeconomic exposure and future career directions. 5, 6 One additional limitation of this survey was that in exploring adequacy of socioeconomic exposure during training, we did not assess how willing trainees would be to exchange clinical or other operative time to gain socioeconomic training. This sort of cost-benefit analysis would be necessary to identify the best strategy to develop a curriculum. Should trainees and programs not be willing to forgo clinical exposure, perhaps a self-guided set of educational materials would be helpful. If the
